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Fig. S1 Concentration optimization diagram of qn-1. In order to improve the sensitivity of the sensor and reduce the background signal of the reaction substrate, it is necessary to optimize the concentration of each DNA sequence involved in the construction of the fluorescent switch monomer. First, we choose to fix the concentrations of both pn-1 and fn-1 at 1 µM and remain constant, and then add qn-1. With the increase of qn-1 concentration, the fluorescence intensity in the figure showed a decreasing trend. However, when the fluorescence intensity decreases near a certain value range, it appears to stop decreasing while maintaining a steady low fluorescence intensity, even if the concentration of qn-1 increases. Therefore, such value that changes the trend of fluorescence intensity is the optimal concentration of the qn-1. In the figure, the optimum concentration of qn-1 for each platform monomer has been circled in red
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Fig. S2 Concentration optimization diagram of fn-1. After the optimization of qn-1, the concentration of fn-1 need to be further optimized. First, the concentration of pn-1 was selected as 1 µM and remains constant, and the concentration of qn-1 was selected as the optimized value marked in the red box in Figure S1. With the increase of fn-1 concentration, the change of fluorescence intensity in the figure was gradually increased. However, when the fluorescence intensity slowly raised to a certain value, it showed a sharp increase. This is because fn-1 had been fully hybridized with pn-1, and the rest of the increased fn-1 existed freely in the solution without being quenched by qn-1, and therefore showed a sharply enhanced fluorescence signal. Therefore, such value that changes the trend of fluorescence intensity is the optimal concentration of the fn-1. In the figure, the optimum concentration of fn-1 for each platform monomer has been circled in red
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Fig. S3 Changes in fluorescence intensity of ten monomers, which divided into five subsets, before and after adding the target. Each subset can still maintain an ideal fluorescence switching effect and a low background signal 
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Fig. S4 Performance evaluations of biosensor based on CHA. Fluorescence profile corresponding to different concentrations of (a-b) T1-1 gene and (c-d) T1-2 gene (from top to bottom: 500 nM, 400 nM, 300 nM, 200 nM, 100 nM, 0 nM). (e-f) Calibration curves of response of different concentrations (0-500 nM) to target genes. Linear range was from 0 to 500 nM. (g-h) Specificity against different kinds of (g) Target1-1 and (h) Target1-2 gene at concentration of 500 nM: complementary target, single base mutation target, three-base mutation target, five base mutation target, miRNA-21, blank control. The error bars were obtained via three independent experiments and denote standard deviation (S.D.)











[bookmark: OLE_LINK4][bookmark: OLE_LINK5][image: ]Fig. S5 Performance evaluations of biosensor based on CHA. Fluorescence profile corresponding to different concentrations of (a-b) T2-1 gene and (c-d) T2-2 gene (from top to bottom: 500 nM, 400 nM, 300 nM, 200 nM, 100 nM, 0 nM). (e-f) Calibration curves of response of different concentrations (0-500 nM) to target genes. Linear range was from 0 to 500 nM. (g-h) Specificity against different kinds of (g) Target2-1 and (h) Target2-2 gene at concentration of 500 nM: complementary target, single base mutation Target, three-base mutation target, five base mutation target, miRNA-21, blank control. The error bars were obtained via three independent experiments and denote standard deviation (S.D.)
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Fig. S6 Performance evaluations of biosensor based on CHA. Fluorescence profile corresponding to different concentrations of (a-b) T3-1 gene and (c-d) T3-2 gene (from top to bottom: 500 nM, 400 nM, 300 nM, 200 nM, 100 nM, 0 nM). (e-f) Calibration curves of response of different concentrations (0-500 nM) to target genes. Linear range was from 0 to 500 nM. (g-h) Specificity against different kinds of (g) Target3-1 and (h) Target3-2 gene at concentration of 500 nM: complementary target, single base mutation target, three-base mutation target, five base mutation target, miRNA-21, blank control. The error bars were obtained via three independent experiments and denote standard deviation (S.D.)
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[bookmark: OLE_LINK3]Fig. S7 Performance evaluations of biosensor based on CHA. Fluorescence profile corresponding to different concentrations of (a-b) T4-1 gene and (c-d) T4-2 gene (from top to bottom: 500 nM, 400 nM, 300 nM, 200 nM, 100 nM, 0 nM). (e-f) Calibration curves of response of different concentrations (0-500 nM) to target genes. Linear range was from 0 to 500 nM. (g-h) Specificity against different kinds of (g) Target4-1 and (h) Target4-2 gene at concentration of 500 nM: complementary target, single base mutation target, three-base mutation target, five base mutation target, miRNA-21, blank control. The error bars were obtained via three independent experiments and denote standard deviation (S.D.)
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Fig. S8 Fluorescence assay results of the detection of (a) Target1-1, (b) Target1-2, (c) Target2-1, (d) Target2-2, (e) Target3-1, (f) Target3-2, (g) Target4-1, (h) Target4-2 in real human serum solutions at 10% (orange), 5% (green) concentrations, and in PBS buffer (purple), respectively


Table S1 Single-stranded DNA used for the construction of reaction platform
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Table S2 Display of Hairpin-structure DNA sequences involved in CHA
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Table S3 The presentation of DNA sequences used to demonstrate the specificity of the biosensor constructed in this work
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Table S4 Real sample assays in human serum for T1-1 and T1-2 gene detection (n=3)
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Table S5 Real sample assays in human serum for T2-1 and T2-2 gene detection (n=3)
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Table S6 Real sample assays in human serum for T3-1 and T3-2 gene detection (n=3)
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Table S7 Real sample assays in human serum for T4-1 and T4-2 gene detection (n=3)
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Samples T, , gene (nM) Assay results (nM) Recovery (%) RSD (%)
5% serum  10% serum 5% serum  10% serum 5% serum  10% serum
1 100 105.48 104.84 105.48% 104.84% 5.57% 9.78%
2 200 186.43 205.32 86% 102.66% 7.75% 9.5%
3 300 295.32 294.6 94.87% 98.2% 5.12% 8.99%
4 400 392.68 404.66 99.84% 101.17% 4.91% 3.17%
5 500 512.38 498.06 104.95% 99.61% 3.23% 3.55%
Samples T;, gene (nM) Assay results (nM) Recovery (%) RSD (%)
5% serum  10% serum 5% serum  10% serum 5% serum  10% serum
1 100 82.149 94.78 82.149% 94.78% 4.54% 5.97%
2 200 207.95 211.0297 103.98% 105.51% 3.72% 1.03%
3 300 286.01 299.04 95.34% 96.67% 3.31% 1.59%
4 400 389.75 385.35 97.44% 96.34% 1.35% 1.3%
5 500 497.5 501.25 99.5% 100.25% 2.23% 1.28%
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Samples T, gene (nM) Assay results (nM) Recovery (%) RSD (%)
5% serum  10% serum 5% serum  10% serum 5% serum  10% serum
1 100 98.72 102.58 98.72% 102.58% 4.87% 6.51%
2 200 200.86 196.45 100.43% 98.23% 4.29% 1.60%
3 300 298.87 295.62 99.62% 98.54% 1.16% 2.41%
4 400 411.66 399.25 102.92% 99.81% 1.6% 2.20%
5 500 493.64 501.57 98.73% 100.31% 2.02% 1.64%
Samples T, gene (nM) Assay results (nM) Recovery (%) RSD (%)
5% serum 10% serum 5% serum 10% serum 5% serum  10% serum
1 100 82.184 97.54 94.88% 97.54% 9.89% 4.15%
2 200 185.89 194.42 197.56% 97.21% 5.27% 1.83%
3 300 309.93 296.49 297.54% 98.83% 2.13% 1.76%
4 400 408.49 409.56 401.29% 102.39% 1.28% 1.02%
5 500 504.85 509.05 496.99% 101.81% 1.9% 1.19%
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Samples T;, gene (nM) Assay results (nM) Recovery (%) RSD (%)
5% serum  10% serum 5% serum  10% serum 5% serum  10% serum
1 100 109.75 97.38 103.73 97.38% 3.60% 7.50%
2 200 189.59 211.36 204.89 105.68% 3.90% 5.225
3 300 309.17 300.19 305.89 100.06% 1.42% 1.04%
4 400 398.59 402.17 394.26 100.54% 2.49% 4.95%
5 500 499.89 509.79 519.58 101.96% 2.82% 1.35%
Samples T;, gene (nM) Assay results (nM) Recovery (%) RSD (%)
5% serum 10% serum 5% serum 10% serum 5% serum  10% serum
1 100 106.29 103.15 106.29% 103.15% 7.61% 8.50%
2 200 203.45 207.83 101.73% 103.91% 4.10% 8.90%
3 300 305.81 298.11 101.94% 99.37% 2.69% 1.87%
4 400 388.83 397.46 97.21% 99.37% 4.22% 1.04%
5 500 493.84 497.45 98.77% 99.49% 1.865 1.43%
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Samples T, gene (nM) Assay results (nM) Recovery (%) RSD (%)
5% serum  10% serum 5% serum  10% serum 5% serum  10% serum
1 100 110.48 123.68 110.48% 123.68% 3.32% 1.92%
2 200 214.61 195.22 107.31% 97.61% 1.66% 8.03%
3 300 288.83 297.63 96.28% 99.21% 5.46% 5.55%
4 400 388.42 377.64 97.11% 94.41% 5.03% 3.40%
5 500 511.19 490.45 102.24% 98.09% 2.10% 1.70%
Samples T,, gene (nM) Assay results (nM) Recovery (%) RSD (%)
5% serum 10% serum 5% serum 10% serum 5% serum  10% serum
1 100 101.42 98.13 101.42% 98.13% 7.62% 4.83%
2 200 198.62 205.15 99.31% 102.58% 8.00% 1.41%
3 300 304.91 312.76 101.64% 104.25% 4.28% 1.49%
4 400 389.08 393.30 97.27% 98.32% 1.25% 1.89%
5 500 511.15 495.52 102.23% 99.10% 1.57% 1.66%
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